Archival Vilnius CCD photometric observations are presented for the heavily reddened star cluster Melotte 105, resulting in colour-magnitude diagrams and spectral class estimates. There is considerable lack of agreement between studies for reddening, age, and distance for this cluster explaining why the archival data are being made available by this paper. The derived reddening E(B − V ) = 0.34 ± 0.04 mag and the distance V −M V = 12.9±0.3 mag directly from the Vilnius photometry. The Gaia Data Release 2 (DR2) and Vilnius photometric data of the cluster were used to estimate the structural parameters of the cluster, probability of stellar membership in the cluster, the distance modulus and the cluster age. Lack of Y band observations prevented determination of metal abundance. The values of the colour excess and distance module are determined by two different methods (i.e., Q and Zero Age Main Sequence, or ZAMS, methods). A distance modulus of 12.85 ± 0.07 mag was derived by ZAMS fitting, in good agreement with the above estimate. ZAMS fitting indicates a reddening of 0.403 ± 0.02 mag, within two sigma of the estimate above. The cluster's metallicity and age are estimated to be 0.24 dex and 240 ± 25 Myr, respectively. The derived mass function is in good agreement with the Salpeter slope. The cluster space velocity components (U, V, W ) were determined as (−3.90 ± 3.34, −13.76 ± 5.69, +3.45 ± 0.41) km/s. Perigalactic and apogalactic distances were obtained as R p = 6.85 and R a = 7.44 kpc respectively. The maximum vertical distance from the Galactic plane was calculated as Z max = 84 pc and the eccentricity of the orbit was determined as e = 0.042.
Introduction
The seven filter intermediate band Vilnius system (see Straižys 1992a , Forbes 1996 makes possible the purely photometric determination of the spectral classes, absolute magnitudes, and metallicities of stars while also correcting for interstellar reddening. This is facilitated by the careful thought given to the positioning and widths of the filters relative to the spectral features of all luminosity classes. For example, the U filter measures the ultraviolet intensity below the Balmer jump, while the P filter is placed on the jump itself, allowing luminosity determinations for early type stars. The X filter measures a wavelength range longer than the Balmer jump, between the H δ and H lines. This filter measures the continuum intensity after the Balmer jump for early-type stars, and the metallic-line blanketing for late-type stars. Y is centred around 466 nm, excluding the interstellar band at 433 nm and the H γ line. The Z, V and S filters coincide with features in late-type stars (see Figure 1 of Dodd, Forbes & Sullivan, 1993) . Z is near the bottom of an absorption feature in late-type stars. The absorption intensity of the Mg II triplet lines and the Mg H band is measured. V measures the continuum at nearly the mean wavelength of the Johnson V filter. In conjunction with the Y filter, a direct conversion may be made to the Johnson BV system (Forbes 1996) . S is centred on the H α line at 656 nm. It is used to separate the B emission (Be) stars from normal B stars. The filter measures the absorption or emission intensity of the H α line in early-type stars, or the pseudo-continuum (due to metallic lines) in late-type stars. Unlike the other filters, which were 1 Soviet-made coloured glasses cemented with Canadian Balsam, the S filter is an interference filter. Peculiar stars, such as metal-deficient giants and blue horizontal branch stars, can be recognised using the two and three dimensional classification schemes of the system (Straižys 1992a,b) , making the filter set well suited for the study of star clusters. Further details of the rationale in the design of the filter set may be found in Straižys & Sviderskienė (1972) .
The Vilnius colour indices U − P , P − X, X − Y , Y − Z, Z − Y , and V − S are set to zero for unreddened O-type stars. Colours for all normal stars are therefore positive. In light of these capabilities, the idea of extending the system to the southern hemisphere was first considered in 1985 at the Royal Observatory Edinburgh, given that none of the already established standard regions (e.g. Zdanavičus et al. 1969 ,Černies et al. 1989 , andČernies & Jasevičus 1992 ) extended south of the celestial equator. This programme commenced in 1988 using the 61cm telescopes at Mount John University Observatory (MJUO), with the initial goal of establishing standards near the South Celestial Pole and also bright (V < 7 mag) stars generally distributed south of −20 degrees. Many southern Vilnius standard stars have been established in NGC 4755. Further details on the programme may be found in Forbes (1993) and Dodd, Forbes & Sullivan (1993) .
Melotte 105
Melotte 105 is an open cluster that has not attracted much attention. It is a compact cluster located in the Galactic plane in the direction of Carina. In the literature, only a few studies have produced colourmagnitude diagrams for the cluster. The first was based on the UBV photoelectric and photographic photometry of Sher (1965) , who estimated the cluster age via isochrone fits as ∼ 10 8 years. As part of a search for small photometric fluctuations in giant and supergiant stars, Frandsen et al. (1989) produced a Johnson BV CMD based on CCD observations, which extended to V ∼ 19 mag. The paper adopted the distance modulus (V − M V )=12.7 mag and reddening E(B − V ) = 0.38 1 At the time of data collection for this paper. mag of Sher (1965) . Kjeldsen & Frandsen (1991) reobserved the cluster and derived independent values for these parameters, E(B − V ) was estimated to be 0.52 ± 0.03 mag, and (V − M V ) as 13.35 ± 0.20 mag. The authors considered that the difference was due to the improved detector used, as well as use of DAOphot (Stetson, 1987) in this rather crowded field. However, Kjeldsen & Frandsen (1991) commented that the response of the CCD combined with the U and B filters used by their study differs substantially from the standard responses and that there were severe problems transforming their data across to the standard system.
The cluster was the target of uvby CCD photometry by Balona & Laney (1995) . Santos & Bica (1993) and Ahumada et al. (2000) performed integrated spectroscopic investigations (deriving E(B − V ) ∼ 0.3 mag). The reddening, distance and age values derived from all these studies vary substantially -by around 50%, 20% and 80% respectively. Piatti & Claria (2001) collected BVI CCD observations of the cluster, deriving E(B − V ) = 0.42 ± 0.03 mag, and a (V − M V ) of 11.75 mag. Again this is closer to Sher (1965) than to Kjeldsen & Frandsen (1991) . This should be compared with a E(B − V ) of 0.46 mag derived from Balona & Laney (1995) by Piatti & Claria (2001) , and Sagar et al.'s (2001) value of 0.52 (no error given) based on UBVRI CCD photometry, which both lean towards the values of Kjeldsen & Frandsen (1991) . It is worth noting that Oliveira et al. (2013) report higher values of 0.53 ± 0.05 mag for Sagar et al.'s (2001) data and 0.50 ± 0.02 mag for that of Kjeldsen & Frandsen (1991) . Dias et al. (2012) report 0.33 ± 0.03 mag, using 2MASS data.
Given the wide spread and large uncertainties of these studies, it seemed worthwhile to contribute these old observations of Melotte 105 to the literature, particularly given the novel aspect that the Vilnius photometric system was used and estimates for spectral types could be made. The data collected for the current study were some of the first CCD imaging using this system (see Boyle et al., 1990 Boyle et al., a,b, 1992 Boyle et al., , 1996 and indeed were partly collected to test that useful data could be obtained using the system, the then available telescopes in New Zealand, and then recently set up data reduction pathway described below.
Observations
Observations were made with the 1m McLellan telescope at MJUO (Mount John University Observatory, New Zealand), using a cryogenically cooled Thomson TH7882 CDA charge-coupled device. Images were collected using the Photometrics PM-3000 computer running FORTH (Moore 1974) software with extensive Table 1 Transformation co-efficients where m1, m2, and m3 are as given in equation 1. 'Std RMS' gives the expected RMS given the formal uncertainties listed by Forbes (1996) for the standard stars, while 'RMS' is the root mean square error from the fits themselves. The column '#' indicates the number of standard star observations made per filter. 15 individual standards were observed, with a (Y − V ) colour range of 0.31 to 1.71. The airmass range was 1.0 to 1.8. Banks (1993) . Further details on the MJUO CCD data acquisition system and its characteristics may be found in Tobin (1992) . Melotte 105 was observed on February 15th 1994. Seeing was reasonable for MJUO, with a mean of 3.0 arcsecs for frames of the cluster. All exposures were 14.35 minutes long. The Vilnius filters were of different thicknesses, so flats had been attached to bring them all to the same optical depth (so that refocusing the telescope was not necessary). The U , P , X, Y , Z, V , and S filters used by this study are 9. 79, 4.52, 3.26, 6.25, 6.64, 6.79 and 5 .91 mm thick respectively. Schott FK5 was used for the P and X filters, and 8270 for the remainder, with careful attention paid to not significantly altering the spectral profiles of the filters. Dow Corning Q2-3067 Optical Couplant was used to attach suitably thick, pitch polished flats to the filters. During the observing run air bubbles increasingly invaded the optical couplant of the Y filter, making it unsuitable for imaging. The lack of Y observations meant that the standard reduction technique for Vilnius data could not be followed for Melotte 105, as it centres around the Y filter. This method is described in Straižys & Sviderskienė (1972) , and Straižys (1992a) .
Filter
Standard stars were observed in NGC 4755. The IRAF "Fitparam" task was used to fit equations of the form:
where the subscript 'o' indicates the observational magnitudes, m are the coefficients, and M the 'standard' magnitude. The coefficients of fits and their root mean squares (RMS) may be found in Table 1 . Extinction and instrumental coefficients were determined by the IRAF "photcal" package using a least-squares solution to all the standard star data (see Harris et al. 1981) .
Aperture corrections add further uncertainties to the transformations, beyond those given in Table 1 . The uncertainties in the aperture corrections for the U , P , X, Z, V , and S filters are 0.029, 0.034, 0.013, 0.014, 0.008, and 0.024 magnitudes, respectively.
Three of Sher's (1965) stars, measured with photoelectric photometry were in common with the current study. Agreement was good for the stars. V magnitudes were (12.09, 13.00, 14.08) in Sher compared to the present study's of (11.96, 12.95, 14.01) , while X −V colours were (2.69, 0.99, 1.16) compared to (2.71, 0.92, 1.09). The relation given by Forbes (1996) was used to convert the B − V colour to X − V .
Results
IRAF and its implementation of DAOphot (Stetson, 1987) were used to reduce the CCD images. Further information on the processing steps followed may be found in Banks (1993) , such as flat fielding and bias removal.
Photometry
The cluster has galactic coordinates (l, b) = (292 o .90, -2 o .41), and is therefore subject to substantial interstellar absorption. Reddening was estimated using a P − X, Z − S colour-colour diagram as outlined by (Straižys 1992b) . Colour excess E(Z − S) is estimated as 0.32 ± 0.04 magnitudes, which corresponds to E(B −V ) being 0.34±0.04. This value is within error of that of Sher (1965) , but substantially different from the value given by Kjeldsen & Frandsen (1991) . Santos & Bica (1993) estimated the reddening for Melotte 105 using integrated spectra of cluster stars in the visible and infrared as E(B − V ) = 0.30 ± 0.02 magnitudes, which is within the formal error of the reddening estimated by the present study. The reddening was used in conjunction with the expected luminosity class V sequence to estimate the distance modulus of the cluster. The true distance modulus V − M V was found to be 12.9 ± 0.3, which is again closer to the value given by Sher (1965) , although with large uncertainty to the extent that it also overlaps with Kjeldsen & Frandsen (1991) . Paunzen & Netopil (2006) report a distance modulus of 11.8 (+0.43, -0.53), Monteiro et al. (2010) 11.92 (+0.16, -0.17), and Yadav & Sagar (2002) 12.07 (+0.08, -0.09) magnitudes -somewhat lower than this study's value.
Given the lack of Y observations, the standard classification technique outlined by Straižys (1992a, b) could not be followed. However, Straižys (1974) proposed a technique based on the reddening-free energy distributions, i.e., using the so-called Q factors. This method could be used despite no Y data being available. The Q parameters were calculated with respect to the V − S colour index. The parameters Q U V S , Q P V S , Q XV S , and Q ZV S were then plotted against the central wavelength of the first filter in each Q factor. Normally Q Y V S is included. These Q functions have very different shapes for different spectral types and luminosity classes.
While this "poor man's spectroscopy" did not require the Y filter, the effectiveness of the technique was reduced without it. In addition, only the brightest stars in the cluster could be classified, given that the exposures in each filter were of the same length. Hence the U and P filters had brighter limiting magnitudes, given their through-puts. The supergiants were classified as late G stars, while the main sequence extended from ∼ B9 through to late A. The magnitudes, positions, and identification numbers of the classified stars are given in Table 3 . The table is sorted in order of increasing V magnitude. The errors given are those calculated by IRAF DAOphot. The stars with unusual classifications appear to be field stars, located on the CMDs well off the main sequence of the cluster. The major problem with the technique was that the Q λ functions for most of the spectral range (early to mid A stars) covered by the main sequence do not change greatly, especially given the missing Q Y V S factor. The V × X − V colourmagnitude diagram was therefore used to select the appropriate spectral type, and so the initial colour excess ratios, in the first iteration of the classification. At least two iterations were used to produce the results listed in the table. More were required for the unusual stars. Excesses for later iterations were based on the spectral type estimated by the immediately previous step.
The classifications are in good agreement with Frandsen et al. (1989) who commented that the main sequence for Melotte 105 commenced at B8. Kjeldsen & Frandsen (1991) state that Sher (1965) reached down to the spectral type A5 on the main sequence. The faintest magnitude tabulated by Sher (1965) is 14.99, which corresponds to A5 V stars in the current analysis.
GAIA Data
We compiled the Gaia DR2 photometric and astrometric catalog of the observation results of Melotte 105 determined by Vilnius photometry. For this, we matched the star chart of the cluster with Gaia DR2's equatorial coordinates (α 2000 , δ 2000 ), to obtain the photometric data (G magnitude and BP − RP colour), trigonometric parallaxes ( ), proper motion components (µ α cos δ, µ δ ) and their errors of the stars located through the region of Melotte 105. However, the astrometric data of three of the 116 stars in the catalog is not available. We listed photometric and astrometric Gaia DR2 data of the cluster in Table 4 .
Structural Parameters of the Cluster
We constructed the radial density profile (RDP) of Melotte 105 to investigate its structural parameters. The central equatorial coordinates of the cluster (α 2000 =11 h 19 m 42 s , δ 2000 =−63 o 29 00 ) were taken from SIMBAD database 2 . Taking into account these coordinates, we calculated the number density of stars which are located in 0.5 arcmin-wide concentric circles centered from the cluster center to 3.5 arcmin. Then we fitted the RDP with a King (1962) model and obtained the cluster's central stellar density f 0 = 13.472 ± 0.219 star/arcmin 2 , background stellar density f bg = 0.550 ± 0.292 star/arcmin 2 , and core radius r c = 1.392 ± 0.066 arcmin. The RDP presented in Fig. 3 indicates that most of the stellar density of the cluster is within about 3.5 arcmin.
Cluster membership and CMDs
To define precise astrophysical parameters of Melotte 105, one should clean the field star contamination from the cluster member stars. In most cases colourmagnitude diagrams (CMDs) of clusters are insufficient to separate field stars from the cluster stars. For those cases, there are some statistical methods that take into account the proper motion values of the stars Krone-Martins & Moitinho, 2014; Javakhishvili et al., 2006; Balaguer-Nunez et al., 1998) to calculate membership probabilities of stars, determining whether the stars are components of the the cluster or not.
In this study, we used U P XZV S Vilnius magnitude, colours and Gaia DR2 astrometric data (µ α cos δ, µ δ and ) and utilized a statistical method called UPMASK (Unsupervised Photometric Membership Assignment in Stellar Clusters, Krone-Martins & Moitinho, 2014) in order to calculate membership probabilities. The UPMASK method relies on minimal physical assumptions about high density stellar regions and is suitable for clusters 2-2.5 kpc from the Sun. We applied it to the five-dimensional astrometric space based on equatorial coordinates, proper motions and parallaxes of stars and four-dimensional photometric space
We calculated the membership probabilities (P , not to be confused with the Vilnius filter) of the 116 stars located through Melotte 105 and showed their distribution on membership probability histogram ( Fig. 4 ). As shown in this figure, the membership probabilities of 99 of 116 stars are greater than P = 0.5, so these stars are adopted as most probable members of the Melotte 105 and used in further analysis. In fact, when the vector point diagram (VPD) is examined ( Fig. 5) , it is seen that stars with P ≥ 0.5 are concentrated in a certain proper motion space. The red circles denote the most probable member stars P ≥ 0.5 while open circles represent the low probable stars (P < 0.5) located through the cluster region. Intersection of the blue dashed lines represents the median proper motion values that are calculated from proper motions of 99 most probable cluster member stars. The median values of proper motion components are as follow: ( µ α cos δ = −6.753 ± 0.041, µ δ = 2.156 ± 0.040 mas/yr). Next, we constructed CMDs of the Melotte 105 for four photometric colours (
and marked the stars with P ≥ 0.5 on these diagrams (see Fig. 6 .) When we examine the figure by eye, it is seen that the main-sequence, turn-off point and giant stars can be distinguished. The turn-off points of CMDs contain stars whose apparent V magnitudes are between ∼11.5 and 13 mag, while evolved stars are bright (V ∼ 12 mag) and they are in the red colour region (i.e. X − V ∼ 2.5 mag) of the diagrams.
Colour Excess Determination:
To calculate the colour excesses towards the cluster, we used the 84 main-sequence stars whose membership probabilities are P ≥ 0.5 and with apparent magnitudes V ≥ 12. The de-reddened ZAMS relations for Vilnius photometry are taken from Straižys (1992a) .
and (U − V ) × (Z − V ) were used to estimate the reddening (see Figure 7 ). The selective absorption coefficients 3 for Vilnius photometry were taken from Munari & Fiorucci (2003) and used in the calculation of the reddening vectors. Based on these, the slopes of the reddening vectors were calculated as
.901 and used to adjust the position of the ZAMS on the TCDs. Minimum χ 2 fitting derived the following estimates of the colour excesses and their one-sigma intervals:
.020 magnitudes, which is larger than the estimate above of E(B − V ) = 0.34 ± 0.04 mag although the two sigmas intervals overlap. In passing we note that the Q-factor method used above to calculate spectral type estimates is a reddening free technique (see Straižys, 1974 , who describes it as a method "insensitive to interstellar reddening"), and so these estimates do not need to be recalculated based on this refined reddening estimate.
Age Determination
The age of Melotte 105 was determined by comparing the PARSEC isochrones (Bressan et al., 2012; Tang et al., 2014; Chen et al., 2014) for Z = 0.025 with the observed CMDs (see Figure 8 ). Metal abundance calibrations are sensitive to the Y band, which is unfortunately lacking in the Vilnius data set obtained by this study. We were therefore not able to determine the metal abundance of the cluster using the photometric metal abundance calibrations. Hence the metallicity of the cluster was not estimated via an independent method. For this reason during age estimation of the Melotte 105, the distance modulus and metallicity are derived simultaneously excluding reddening. We used PARSEC isochrones with different ages and metallicities to obtain the best fit results to
To do this we took into account the standard selective absorption coefficient as R V = 3.11 for Vilnius photometric system (Munari & Fiorucci, 2003) . The uncertainties in age (∆t = 25 Myr) and distance (∆µ = 0.07 mag) are suitable for the distribution of the most cluster member stars. The Z metal abundance was transformed to [Fe/H] using equations given by Bovy 4 who analytically obtained them using PARSEC isochrones (see Table 2 Parameters derived in the Gaia analysis: where 'BJ' stands for the distance (in parsecs) calculated from the Gaia DR2 trigonometric parallaxes and stellar distances given by Bailer-Jones et al. (2018) , 'Isochrones' is based on the isochrone fitting described by the paper, and 'Gaia' on the DR2 distances of the 99 most probable cluster members from this paper. [Fe/H] is the stellar metallicity defined using the total iron content compared to the Solar, while Z is overall mass fraction for metals (i.e., excluding H and He Yontan et al., 2019; Bostancı et al., 2018; Bilir et al., 2016) and calculated the metallicity as [Fe/H]=0.24 dex. We represented the CMDs with the best fit PAR-SEC isochrones in Figure 8 and the results were listed in Table 2 . Melotte 105 is estimated to be 240 ± 25 Myr old. The cluster distance derived from the mainsequence fitting is 2078 ± 78 pc. We compare this with Bailer-Jones et al. (2018) who inferred distances to essentially all 1.33 billion stars with parallaxes published in the Gaia DR2 and our estimate using the Gaia distances for the 99 most probable cluster members together with the relation distance d = 1000/ . Gaussian fitting to both these data sets (see Figure 9 ) led to the estimates given for these studies in Table 2 . The estimate from Bailer-Jones et al. (2018) is more compatible with the estimate based on the isochrones fitting.
Mass function
We obtained a high degree polynomial function between the absolute magnitudes and masses of the main-sequence stars based on the best fitting parsec isochrones. V apparent magnitudes were converted to absolute magnitudes for the main-sequence cluster member stars (P ≥ 0.5) using the derived distance modulus of the cluster. The member star theoretical masses were calculated from the derived absolute magnitude-mass relation. We obtained the mass function slope from the relation log ξ(M ) = −(1 + X) × log M + C where C is a constant. Figure 10 shows the mass function for Melotte 105. The slope of this mass function was obtained from 59 stars whose masses range 1.90 to 3.52 M/M . The mass function slope variable X is −1.42 ± 0.29, in very good agreement with Salpeter's (1955) X = −1.35 value.
Galactic Orbit
The galactic orbit of the cluster was calculated using the potential functions that defined in galpy, the Galactic dynamics library (Bovy, 2015) 5 . The calculation assumed an axisymmetric potential for the Milky 5 See also https://galpy.readthedocs.io/en/v1.5.0/ Way galaxy, following MWPotential2014 (Bovy, 2015) . A circular velocity and the galactocentric distance of the Sun were assumed as V rot = 220 km/s and R gc = 8 kpc (Majewski, 1993) respectively. The MWPotential2014 code (Bovy, 2015) was used to determine the space velocity components and galactic orbital parameters of the cluster. Calculations require equatorial coordinates, mean distance, proper motion components, and radial velocity of Melotte 105. As mentioned in previous steps in this section, the distance of the cluster is d = 2078 ± 78 pc, and the median proper motion values were obtained as µ α cos δ = −6.753 ± 0.041 and µ δ = 2.156 ± 0.040 mas per year. Among the most probable cluster member stars, there are four stars whose radial velocities were available in the literature. The radial velocities of three of the four stars were present in both the Mermilliod et al. Where measurements were available in both catalogues, the measurement with the small radial velocity error was preferred by this analysis. A weighted average was taken, leading to the cluster mean radial velocity being taken as −1.11 ± 0.14 km/s. Kinematic and dynamic calculations were analyzed with 2 Myr steps over a 3 Gyr integration time.
The space velocity components of the cluster were calculated as (U, V, W )= (−64.75 ± 3.34, −26.01 ± 5.69, −3.12 ± 0.41) km/s. To obtain the space velocity more precisely, the first-order galactic differential rotation correction was taken into account (Mihalas & Binney, 1981) , with −52.02 and 1.94 km/s differential rotation corrections applied to U and V space velocity components respectively. The W velocity is not affected in this first-order approximation. As for the local standard of rest correction values from Coşkunoǧlu et al. (2011) of (8.83 ± 0.24, 14.19 ± 0.34, 6.57 ± 0.21) km/s were used leading to corrected values of the space velocity components of the cluster of (U, V, W ) = (−3.90 ± 3.34, −13.76 ± 5.69, +3.45 ± 0.41) km/s. Melotte 105's perigalactic and apogalactic distances were obtained as R p = 6.85 and R a = 7.44 kpc, respectively. The maximum vertical distance from the Galactic plane was calculated as Z max = 84 pc and the eccentricity of the orbit was determined as e = 0.042.
A representation of the Galactic orbit for Melotte 105 on the R gc × Z plane is shown in Figure 11 . Kinematic and dynamic calculations for the cluster support that the cluster was formed in a metal-rich environment within the Sun circle. Wu et al. (2009) gave the cluster distance d = 2208 ± 442 pc and the radial velocity V R = 0.4 ± 0.2 km/s. These values are similar to those of the current study, but the proper motion components µ α cos δ = −4.37±0.82 and µ δ = −4.07±0.96 mas/yr are different, leading to their orbital parameter estimates being inconsistent with this study. We believe the use of the Gaia DR2 precise astrometric data is an improvement.
Conclusions
This paper suggests the need for further study of Melotte 105, although there does appear to be a building convergence towards similar estimates in the literature. Melotte 105 is a suitably populous cluster for a later, careful study investigating completeness and adjusting the mass function suitably to estimate the cluster's initial mass function (similar to Mateo (1987) , Sagar & Richtler (1991) , and Banks et al. (1995) ). In the near future the Melotte 105 cluster could be studied via high resolution and high S/N spectroscopic observations. The cluster member stars then could be determined using radial velocity analysis, together with the model atmosphere parameters of the member stars and the mean metal abundance being obtained precisely.
The current study is somewhat unusual in that a relatively uncommon photometric system was employed, demonstrating the potential of the Vilnius system to the study of populous clusters. Longer exposure times, a larger telescope, or a combination of both would result in smaller photometric errors in both the cluster and standard star photometry. Together with inclusion of the Y filter, this could lead to a definitive study of the cluster and a final resolution of the discrepancies in the literature.
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